The study investigated availability and food sources in urban areas using elements of the NOVA food classification system, adopted by the Brazilian Dietary Guidelines, in a Brazilian municipality. In addition, the study also aimed to identify inequalities in the geographical distribution of food retailers that commercialize healthy and/or unhealthy foods. This cross-sectional study was performed in the municipality of Jundiai in the State of São Paulo, Brazil. Data from within-store audit and geographic data were used to characterizing the nutrition community environment. The mean was calculated for food items available in each of the four NOVA groups for each audited food retailer. The mean of food items available in each of the four NOVA groups for each audited food retail were calculated. The density and proportion of different types of food retailers were georeferenced. The supermarkets, medium market stores, and grocery stores presented the highest availability of unprocessed foods as well as ultra-processed foods. Establishments that sold primarily unprocessed foods and included a fruits and vegetables section at the entrance of the store had a greater availability of healthy foods, but their density in the territory was low compared to establishments that prioritized the sale of ultra-processed foods and sold ultra-processed foods in the checkout area. Especially in middle-and low-income areas, the concentration of food retailers with priority sale of ultra-processed products is reaches 22 times higher than the sale of unprocessed or minimally processed foods. The study supported the identification of regions where it was necessary to improve access to equipment that marketed unprocessed foods as a priority.
Introduction
Evidence indicates that food environment influences food accessibility [1] [2] [3] , diet quality [4] [5] [6] , and even the occurrence of obesity [7] [8] [9] [10] [11] . Factors in the community food environment linked to healthy food consumption include the presence of food stores and access to them, the types of food retailers in the territory [4, 12, 13] , availability (quality of food stores) [14] , accessibility (hours of operation), affordability of healthy foods [15, 16] , product placement, and food advertising [17] [18] [19] .
The growing literature on the associations between food environment and obesity has been constantly explored in the context of "food deserts", a term which has been used, more specifically, to refer to areas with low access to adequate food at affordable prices, which can contribute to social disparities in the diet and have a negative impact on the health of the population [2] . The relation with obesity has been greatly investigated, since food deserts are environments that, paradoxically,
Materials and Methods
This cross-sectional study was performed in the municipality of Jundiai in the State of São Paulo, Brazil. According to the Brazilian Institute of Geography and Statistics (IBGE), the municipality has approximately 414,810 inhabitants (in 2018) with a Human Development Index (HDI) of 0.82, total area of 431,207 km [2] , 686 census tracts (urban and rural), and its territory is divided into 74 neighborhoods according to the municipality's master plan. The average per capita income of the municipality in the rural area is R$643 and in the urban area is R$925. The city of Jundiai has 95.7% of its population residing in urban areas. This study is part of the research project "Interventions in the food retail environment: Overcoming the information obstacle for the promotion of adequate and healthy food habits in a municipality of the State of São Paulo", approved by the Ethics Committee of the Faculty of Public Health-protocol number 69045917.5.0000.5421.
To investigate the consumer nutrition environment and the community nutrition environment, an audit was carried out in the urban area of the municipality. Data collection began in December 2017 and ended in April 2018, totaling 573 of the 683 census tracts in the municipality, ensuring variability in audited aspects. A total of 650 food retailers were audited. In this process, a tool called "NOVA-based Audit of the Food Environment (AUDIT-NOVA)" was applied. Researchers were trained according to the protocol developed specifically for this research, containing information on approach, form fill, product specifications, and detailed explanations for each item to be audited in the food retail trade. This reliability and validation instrument measures aspects concerning food retailer types, availability, prices, food advertising, and number of food brands. The indicators present in the AUDIT-NOVA were based on the food classification proposed by Monteiro et al. [26] and called "NOVA", which classifies food into four groups according to the extent and purpose of its processing: 1. Unprocessed or minimally processed foods (i.e., fresh fruits and vegetables, meat, cereals, beans, fish, eggs, milk), 2. Processed culinary ingredients (i.e., salt, sugar, oil, butter, olive oil, animal fat), 3. Processed foods (i.e., canned vegetables and fruits, canned fish, dried meat, cheese, French bread), and 4. Ultra-processed foods (i.e., soft drinks, sweetened beverages, snacks, cookies, chocolates, sweets, instant noodles, breakfast cereals, milk drinks, and others).
All the establishments where the population could purchase food were audited. The identified commercial establishments were grouped into 13 major categories of retail establishments, as proposed by Costa et al. [13] : 1. Butchers and fish markets, 2. Central markets of fruits and vegetables, 3. Municipal markets of fruits and vegetables, 4. Private markets of fruits and vegetables, 5. Grocery stores, 6. Medium market stores (e.g., Carrefour Express, Dia Express), 7. Supermarkets/hypermarkets/wholesalers, 8. Bakeries, 9. Candy stores, 10. Convenience stores, 11.'Non-alcoholic beverage stores, 12. Pharmacies, food supplement stores, and 13. Others (pasta houses, cheese bread houses, houseware stores, cheese shops).
The AUDIT-NOVA contains a total of 66 foods and, in this study, these foods were categorized into four groups: 1. Unprocessed or minimally processed foods (orange, banana, papaya, apple, watermelon, tomato, onion, lettuce, carrot, zucchini, chayote, parsley and green onion, potato, cassava, corncob, eggs, prime beef, other beef, chicken, chicken breast, fish, cow's milk, beans, black beans, white rice, wheat flour, cassava flour, pasta, raw peanuts, water 500 mL, water 5 L), 2. Processed culinary ingredients (butter, soybean oil, olive oil, salt, refined sugar, granulated sugar), 3. Processed foods (dried meat, cheese, canned corn, tomato extract, canned sardines), and 4. Ultra-processed foods (dairy drink, noodles, seasoning, white bread, cornflakes, pizza, ice cream, soda can, soda 2 L, light or diet soda, juices with added sugar, powdered beverage, corn snacks, chocolate cookies, candies, hot dog, sausage, bacon). The mean was calculated for food items available in each of the four NOVA groups for each audited food retailer, allowing the researchers to estimate the mean availability of unprocessed or minimally processed foods, processed culinary ingredients, processed foods, and ultra-processed foods.
The instrument also measures aspects of food availability according to NOVA, using indicators such as: availability of ultra-processed foods on checkout (yes or no); availability of fruits and vegetables at the entrance (yes or no); and whether the establishment commercializes mainly unprocessed or minimally processed foods (yes or no), processed culinary ingredients (yes or no), processed foods (yes or no), and ultra-processed foods (yes or no). Both "commercializes mainly unprocessed or minimally processed foods" and "commercializes mainly ultra-processed foods" were used in order to classify the establishments into healthy or unhealthy, respectively. Furthermore, availability of fruits and vegetables at the entrance (yes or no) and availability of ultra-processed foods on checkout (yes or no) were used as indicators of healthy and unhealthy food retailers, respectively. This study combined the food environment audit data (carried out in commercial establishments) and the geographical measures. It was possible to identify the geographical coordinates of 643 of the 650 commercial establishments audited, with a loss of 1.08% of the sample. The geographical coordinates of longitude and latitude for each retail establishment were obtained using the Google Earth ® computerized system. A geographic information system, ArcGIS 10.0 (Esri, CA, USA), and a digital cartographic base of the census tracts were used to geocode and determine the spatial location of stores. To calculate the density of healthy and unhealthy food retailer indicators among the inhabitants, it was considered that the resident population was living in households in the census tracts, available at the Demographic Census of IBGE (2010) [2] . In addition, the proportion of food retail trades with priority availability of ultra-processed foods was calculated based on the availability of unprocessed or minimally processed foods. Both the density of healthy and unhealthy food retailer and proportions were mapped together with the mean per capita income of each census tract. This mapping made it possible to verify social inequalities in the distribution of food retail trades around the municipality. To draw thematic maps, the technique of choroplethic representation was used.
To analyze the difference in mean food availability among the 13 types of retailers, Pearson's chi-square statistical tests were performed, due to the qualitative nature of the variable. To evaluate differences in the mean availability of unprocessed or minimally processed foods, culinary ingredients, processed foods, and ultra-processed foods according to the four indicators of healthy and unhealthy food retailers, mean comparison tests were used, because of the quantitative nature of the variable. Values of p < 0.05 were considered statistically significant. The analyses were performed using the Stata 14 statistical program (Timberlake Analytics Software, TX, USA).
Results
In the process of auditing the food environment, it was possible to identify and geocode 643 food retail establishments used by the population to purchase food and then prepare it at home. The total amount of audited retailers was distributed as follows: 25.2% (n = 164) grocery stores, 18.0% (n = 116) pharmacies, food supplement stores, 14.3% (n = 92) bakeries, 11.0% (n = 71) candy stores, 7.6% (n = 49) convenience stores, 5.9% (n = 38) butchers and fish markets, 3.9% (n = 25) non-alcoholic beverage stores, 3.6% (n = 23) private markets of fruits and vegetables, 3.2% (n = 21) other food retailers, 2.9% (n = 18) supermarkets/hypermarkets/wholesalers, 2.0% (n = 13) central markets of fruits and vegetables, 1.8% (n = 12) medium market stores (i.e., Carrefour Express, Dia Express) and 0.3% (n = 2) municipal markets of fruits and vegetables. Table 1 shows the mean availability distribution of unprocessed foods, ingredients, processed foods, and ultra-processed foods according to retail types. Compared to other establishments, a higher availability of unprocessed foods was found in the supermarkets/hypermarkets/wholesalers, medium market stores (e.g., Carrefour Express, Dia Express), grocery stores, private markets of fruits and vegetables, central markets of fruits and vegetables, butchers and fish markets and municipal markets of fruits and vegetables (p < 0.05). As for the availability of culinary ingredients and processed foods, it was higher in medium market stores (e.g., Carrefour Express, Dia Express) and supermarkets/hypermarkets/wholesalers (p < 0.05). Finally, the availability of ultra-processed foods was higher in medium market stores (e.g., Carrefour Express, Dia Express), supermarkets/hypermarkets/wholesalers, grocery stores, bakeries, and convenience stores (p < 0.05).
The 643 commercial establishments were also grouped into four major categories according to the characteristics of the commercialized foods and indicators of healthy and unhealthy retailers in food environment. Unprocessed foods available in larger quantities than other food groups (Yes = 99 (15.4%)), ultra-processed foods available in larger quantities than other food groups (Yes = 560 (87.1%)), fresh fruits and vegetables located at the entrance of the store (Yes = 107 (16.6%)), and ultra-processed foods available in checkout areas (Yes = 568 (88.3%)). The number of retailers that prioritize the sale of ultra-processed foods is 5.6 times the number of retailers that primarily sell unprocessed foods. Table 2 shows the distribution of the availability of unprocessed foods, ingredients, processed foods, and ultra-processed foods according to these four groups. It is possible to observe that the mean availability of unprocessed foods is higher in establishments that have unprocessed foods available in larger quantities than other food groups (p < 0.05), in the ones with a Fresh fruits and vegetables section near the entrance of the store (p < 0.001), but also in commercial establishments that have ultra-processed foods available in checkout areas. The highest mean availability of culinary ingredients and processed foods was found in establishments with a section of Fresh fruits and vegetables located near the entrance of the store (p < 0.001). Ultra-processed foods were available in all four groups; however, the highest availability of these foods was observed in establishments with a Fresh fruits and vegetables section (p < 0.001) and in establishments with the presence of ultra-processed foods available in checkout areas (p < 0.001). Figure 1 shows the density of the four groups of commercial establishments classified according to the healthy and unhealthy food environment indicator in the municipality. In relation to unhealthy food environment indicators, which are ultra-processed foods available in larger quantities than other food groups and ultra-processed foods available in checkout areas, it was found that most areas have concentrations ranging from 3 to more than 40 establishments per 1000 inhabitants, that is, they are spread throughout the territory, especially among areas with middle and low per capita income. When analyzing the indicators of a healthy food environment such as unprocessed foods available in larger quantities than other food groups and fresh fruits and vegetables located near the entrance of the store, a smaller density of these establishments was observed in the municipality, showing mostly areas with a density lower than 3/1000 inhabitants. In areas of middle and low per capita income, it was possible to verify some areas with zero density of food retail trades that had unprocessed or minimally processed foods available in larger quantities than other food groups. Figure 2 shows the proportion of food retail trades with priority availability of ultra-processed foods in relation to unprocessed and minimally processed foods. The highest proportions of food retail with priority availability of ultra-processed foods in relation to unprocessed or minimally processed foods are in low-and middle-income regions. In these areas, the concentration of food retailers with priority sale of ultra-processed products reaches 22 times higher than the sale of unprocessed or minimally processed products. 
Discussion
This study used cross-sectional data from an audit conducted in retail stores in the urban areas of a Brazilian municipality as well as geographic data in order to analyze food availability and spatial distribution of indicators of healthy and unhealthy food retailers in the municipality. Retail stores of the supermarkets/hypermarkets/wholesalers type, medium market stores (e.g., Carrefour Express, Figure 2 . Proportion of food retail trades with priority availability of ultra-processed foods in relation to unprocessed or minimally processed foods and per capita income in the municipality of Jundiai-BRAZIL. 2017-2018.
This study used cross-sectional data from an audit conducted in retail stores in the urban areas of a Brazilian municipality as well as geographic data in order to analyze food availability and spatial distribution of indicators of healthy and unhealthy food retailers in the municipality. Retail stores of the supermarkets/hypermarkets/wholesalers type, medium market stores (e.g., Carrefour Express, Dia Express), and grocery stores presented the highest availability of unprocessed foods as well as ultra-processed foods. When analyzing the distribution of healthy and unhealthy food environment indicators in the municipality according to socioeconomic indicators, establishments that sold primarily unprocessed foods and included a fruits and vegetables section near the entrance of the store had a greater availability of unprocessed foods, but their density in the territory was low, especially among middle-and low-income areas, when compared to establishments that prioritized the availability of ultra-processed foods.
The high proportion of food retail trades with priority availability of ultra-processed foods in relation to unprocessed and minimally processed foods, especially in middle-and low-income areas in the municipality, revealed areas of food deserts and food swamps [2] since access to healthy food was difficult. These areas may compromise the food security of the local population [23] . In addition, there is a potential in these areas for the population to consume larger quantities of ultra-processed foods and for a higher prevalence of obesity [2, 5, 11] . In Mexico, a study showed that excessive access and exposure to unhealthy foods and drinks, or "food swamps," may be of greater concern than food deserts in developing an obesity-prevention policy [22] .
The retailers most frequently found in the municipality were grocery stores, pharmacies, food supplement stores, and bakeries which together added up 57% of the audited retail trades. In this study, grocery stores displayed, at the same time, a high availability of unprocessed foods and a high availability of ultra-processed foods. In medium-sized municipalities such as Jundiai, bakeries are like mini-markets where locals often get some food products in addition to traditional baked goods. However, in general, these places sell mostly ultra-processed products, as seen in this study. The habit of buying food in places where there is a greater commercialization of ultra-processed foods favors their consumption and has a negative impact on nutrition [4] . A study using national and local data across the United States suggests that residents having low income, belonging to a minority, or living in rural neighborhoods are most often affected by poor access to supermarkets and healthy foods [3] . In this context, our study corroborates with these findings because it found a lower density of food retailers that sold healthy foods especially in low income neighborhoods.
In this study, a low proportion of trades was observed that sold primarily unprocessed or minimally processed foods in relation to ultra-processed foods, especially in middle-and low-income neighborhoods. The availability of healthy foods in a neighborhood has been associated with a higher consumption mainly of fruits and vegetables, which are unprocessed foods [6, 27] . In Brazil, a study by Duran et al. [4] showed that the greater availability of fruits and vegetables in a neighborhood is associated with the regular consumption of these foods and, at the same time, living in places with few supermarkets and fresh-product markets reduces the consumption of these foods, mainly among the poorest inhabitants. In medium-sized municipalities like Jundiai, grocery stores are closer to individuals and facilitate the access to food, especially among people living in more peripheral neighborhoods [28, 29] . Costa et al. [13] highlighted the role of small food retailers because of their wide variety of foodstuffs and geographical proximity to consumers, promoting a higher frequency of food purchases. However, these small supermarkets still need to improve the quality of the products they offer and the appearance of the stores, factors that can both potentially impact the food purchase decisions of low-income residents in particular [29] .
The Brazilian Dietary Guidelines state the following golden rule: "always prefer unprocessed or minimally processed foods and freshly made dishes and meals to ultra-processed foods" [30] . In this case, in order for the population to respect this golden rule, food retailers must supply healthy foods. When verifying municipality areas having middle-and low-income populations with a high proportion of establishments that sold primarily ultra-processed food and at the same time with a low density of food retailers with availability of unprocessed food, we also verified the presence of the "supply" obstacle. According to the Brazilian Dietary Guidelines, the population should do the following to overcome this obstacle: "Shop mindfully. Avoid places that sell or serve mainly or only ultra-processed products. In supermarkets take and use a shopping list. Support farmers' markets, municipal markets, specialist retailers, and other places that sell varieties of natural and minimally processed foods, and prefer food produced by ecological methods" [30] . According to the findings of this study, the population in Jundiai-SP could have difficulties in overcoming the obstacle supply, especially middle-and low-income populations.
When we analyzed the commercial establishments according to two indicators, namely, a large presence of unprocessed food and the presence of a fruits and vegetables section near the entrance of the store, we noticed that they were establishments with the highest mean values of unprocessed food availability in relation to those without these indicators. However, the density of establishments which prioritized unprocessed food sales and had a fruits and vegetables section near the entrance of the store were low compared to establishments that prioritized the sale of ultra-processed foods and sold ultra-processed foods in the checkout area. The inequality in the distribution of food retailers in the municipality could lead to the difficulty of access to healthier foods by the population. In another study carried out in the same municipality by our research group, but using secondary data, a lower density of retail trades was observed that sold fresh and unprocessed foods especially in peripheral neighborhoods [25] . In both studies, we identified that the population living in this municipality could face obstacles to achieving a healthy diet and following the recommendations of the Brazilian Dietary Guidelines [30] .
Analyzing the geographic information, it is possible to say that some areas of the municipality are considered food swamps, or areas that have adequate access to healthy foods but are flooded with opportunities to consume calorie-dense foods and drinks [20] . The high density of establishments with the presence of ultra-processed foods in the checkout areas is worrying, because these types of foods, which are high in fat and sugar and poor in nutrients, and when they are present in these areas, stimulate impulse purchases and favor the increase of obesity, especially among children due to the products being close to their sight and height [31] [32] [33] . Food swamps are also choice environments laden with tempting stimuli and are therefore "hot" decision environments likely to prompt choices for immediate gratification [34] .
Ultimately, this study showed the availability of unprocessed foods, culinary ingredients, processed foods, and ultra-processed foods in the audited food retailers in the municipality, showing that some socially vulnerable areas were more prone to enable the purchase of unhealthier products and that the city was flooded with opportunities to buy ultra-processed foods. The Brazilian Dietary Guidelines recommend that the population eat culinary preparations that are based on unprocessed or minimally processed foods and culinary ingredients [28] . In this context, the places in the municipality studied that can better support this practice are supermarkets/hypermarkets/wholesalers, medium market stores (e.g., Carrefour Express, Dia Express), grocery stores, private markets of fruits and vegetables, central markets of fruits and vegetables, butchers and fish markets, and municipal markets of fruits and vegetables, in addition to places where unprocessed foods are available in large quantities and where there are fresh fruits and vegetables located near the entrance of the store. 
